Anecdotal evidence has suggested that outdoor-kept pigs show an improvement to health and productivity after being moved to a new site. This study explores whether Salmonella occurrence reduced and was sustained after moving to a new site. Nine farms were followed for a year in which four sampling visits were completed. The highest detection of Salmonella was from pooled faecal dropping from pigs, run-off/ pooled water, rodents and wild birds. Descriptive summaries showed that the prevalence of both all Salmonella and serovars of public health importance were lower at all visits after the move. Some variability was shown in results from individual farms, but a year after the move, six farms still maintained a lower prevalence. A risk factor model showed that the prevalence at visits 2 and 3 after the move was significantly lower than baseline, after accounting for a number of significant factors that were included in the model. These were sample type and seasonality (included as a priori), presence of coughing in the sampled group and Glasser's disease on the farm, and the use of tent or kennel accommodation. This finding provides important evidence that more frequent site moves may help reduce Salmonella prevalence in outdoor herds.
INTRODUCTION
Salmonellosis is consistently the second most commonly reported zoonosis in Europe and in the UK, with more than 80 000 cases reported annually and an overall economic burden estimated to be close to three billion Euros per year [1] . Salmonella in pigs is an important source of human salmonellosis [2] and Great Britain was amongst the countries with the highest prevalence in pigs in the European Union (EU) in 2007, with Salmonella isolated from 21·7% of ileocaecal lymph node samples and 15·2% of carcass swabs (compared with an average of 10·3% and 8·3% across the EU, respectively) [3, 4] .
The use of outdoor pig production in Great Britain has been growing in popularity since the late 1990s and currently around 40% of commercially produced pigs are believed to be born outdoors. However, outdoor pigs are mainly breeding animals and their offspring, as only around 5% of pigs spend their entire life outdoors, with most finisher pigs being reared indoors [5, 6] . Outdoor pig production has a tendency for high Salmonella seroprevalence at slaughter [7, 8] and a high frequency of environmental Salmonella contamination [9] , with evidence for a wide diversity of resident and transient infections with different serovars, often showing some overlap with local environmental and wildlife isolates [10] .
Outdoor pigs may be at increased risk of infection due to: the lack of a controlled environment that can be cleaned and disinfected between batches of pigs; less control over exposure of pigs to factors such as cold and heat stress; and the increased exposure to Salmonella through difficulties in applying biosecurity for personnel and vehicles as well as increased contact with the environment and wildlife [10] [11] [12] . Outdoor farms are typically run as free-range (including organic) enterprises, with pigs bedded on earth floors with straw, which could increase the exposure to faeces in comparison to pigs on conventional farms, which can be kept on slatted floors that help separate contaminated faeces from the pigs' environment [13] [14] [15] . In a US study comparing the serological results from 616 samples from outdoor, antimicrobialfree farms and conventional indoor-reared farms, a significantly higher seroprevalence of Salmonella was detected in the outdoor herds than indoors, with 54% samples positive compared with 39%, respectively [16] . Contrary to these findings, another study found no overall differences in the proportion of Salmonella seropositive animals comparing organic, outdoor and indoor pig farm production systems [17] .
In general, most studies suggest that the inevitably less biosecure outdoor environment limits the level of infection control that can be achieved. This highlights that more research is needed to understand Salmonella incursion, persistence and control on a wider variety of farm types. New evidence is needed to help farmers select appropriate management options to provide protection against infection on their particular farm type. Anecdotal information has shown that moving outdoor pigs to new land is usually followed by an improvement in herd health and productivity. It is believed that outdoor herds in the UK typically move site every 2-3 years. The aim of this longitudinal study was to investigate the effect on the occurrence of Salmonella of moving pigs to new land and the sustainability of any improvements over a 1-year period. Such data would help to determine whether more frequent movement to new land would help improve the control of Salmonella in outdoor pig production.
METHOD

Farm selection
A total of 119 farms were identified through the industry representative body (Agriculture and Horticulture Development Board -Pork) or through contact with pig companies or pig vets linked to outdoor sites. These farms were contacted by e-mail and followed up by telephone to identify willing participants that were planning on moving site in the coming year and were outdoor breeder-finishers, outdoor breeders (preferably supplying a single finisher) or outdoor finishers only (preferably supplied by single source). Nine farms participated in the study and these consisted of five breeder farms, three finishers and one farrow-to-finish farm. Details of each farm and the sampled outdoor sites are provided in Table 1 .
Schedule for sampling visits
Each farm was visited four times over a 12-month period, with all visits completed between June 2014 and December 2015. The farm visits covered the sampling of the outdoor pigs prior to any change of site and then three visits after movement to a new site 4 months apart, to evaluate the benefits. On outdoor breeding farms, the groups and numbers of sows remained relatively stable between the old and the new site and no additional monitoring was needed for oncoming stock, as gilt groups were included in the ongoing sampling before and after the move. However, if a recruited farm supplied an indoor finisher owned by the same company, then consent was sought to sample the progeny from the outdoor sows within 5 days of the visit to the breeding site. If the recruited farm was an outdoor finisher, then new pigs were being brought onto the site and leaving for slaughter at regular intervals and so the same cohort of animals could not be followed throughout the whole 12-month intervention. The sample visits for these farms were based around sampling before the move, after the move, directly after the 
Data collection
At the initial visit, a thorough questionnaire was completed with the farmer to collect farm information on the original location and pig health and management (Table 2) . At each subsequent visit, a short form was completed to detail the new site (at visit 2) and identify any changes to the farm management since the last visit, and other general observations that might have influenced the Salmonella results. At each sampling visit, a data collection form was completed to record information on the sampled groups of pigs (number present and type, health conditions present, feeder/drinker type, accommodation and bedding types) and a map was produced to identify the layout of the farm and show where samples were collected.
Samples collected
A combination of pooled and individual fresh faecal dropping samples were collected at each visit, with between 200 and 300 collected per visit using the following protocol: at least 60 pooled samples were collected from the farrowing sow paddocks, representing every field, with a maximum of 30 samples collected per separate field. For every three individually penned sows, a pooled sample was collected, made up of two faecal pinches per sow (6 pinches in total). If sows were grouped for farrowing then the sampling was increased to match the number of sows. Pooled faecal samples (c·40 g faeces each, comprising 10 pinches from separate fresh faecal droppings per pool) were collected from dry sow/service paddocks, up to a maximum of 60 per farm. Up to a maximum of 60 pooled gilt fresh faecal dropping samples were similarly collected from all gilt pens. At least 10 pooled samples were collected from maiden gilts and 10 from in-pig gilts. Individual faecal dropping samples were collected from the sows, with 60 collected from dry sows and 60 from lactating sows. For outdoor weaner kennels or lairage, two swab samples (sterile gauze swab pre-moistened with phosphate-buffered saline (PBS)) were collected from the dunging area per kennel/pen, up to a maximum of 60 per visit and 60 individual weaner faecal samples were collected. If weaners had been moved to an indoor grower-finisher site where they could be identified and sampled (i.e. separate from animals coming from other sources) then up to 60 pen faeces swabs and 60 individual faeces were collected. Outdoor grower or finisher pigs were sampled using the same pooled and individual sampling methods as for the dry sows. At least 20 environmental (e.g. wallows, pooled water on tracks, feed troughs, water troughs, Table 2 . Farm management and structure information collected from questionnaires used on the nine outdoor pig farms (copies of the forms can be requested from the authors) *Number of each type of livestock animals on farm Farrowing frequency, Pig flow -continuous or batch *Size of outdoor areas and number of pigs present in each area How long has field been continuously occupied by pigs or empty of pigs/use of field between pig cycles *Soil type, condition and wetness/use of pig nose rings *Cleaning and disinfection of outdoor equipment Use of indoor service area *Pet and wildlife access to pig enclosures and feed/evidence of contamination by rodents and birds/controls for wild birds/ rodent control training of staff Use and maintenance of boot dips, boots and farm overalls Vehicle movements that cross the farm perimeter and disinfection of vehicles Visitor protocols Have feed, straw or bedding brought onto farm had contact with pigs or pig manure *Sourcing of pigs/mixing and movement of pig on the site/quarantine procedures Drinking-water source/feed stores used *Use of feed additives -acids, probiotics, zinc, etc. *Salmonella vaccination/antimicrobial usage over last year or since last visit *Health conditions reported by vet in last year or since last visit/ranked current illness problems on farm/sick pig policy Herd performance -litters born, parity, mortality, feed performance *Indicates information that was updated at subsequent farm visits.
soil in empty paddocks, equipment), wildlife (wild bird and rodent faeces) or other livestock species faeces (for those kept in close proximity to the pigs) samples were collected from each farm visit, using PBS swabs for surfaces and manual collection for faeces, to represent a cross-section of environmental samples according to the layout of the farm.
Sample testing
All samples were tested for Salmonella using a method based on ISO6579 (Annex D; [18] ) but with Rambach agar as the sole plating agar. Serotyping was carried out for isolates from all positive pooled samples and for those individual samples which were enumerated. Isolates of Salmonella typhimurium (ST), monophasic ST (MST) and Salmonella enteritidis (SE), selected to represent each farm visit and each pig stage, were phagetyped. Up to 40 positive individual faecal samples were enumerated, after cold storage (4°C) pending the initial result, using a dilution/enrichment method [19] , to estimate the concentration of Salmonella present per gram of faeces. Two outcomes were generated to be used in the modelling analyses: whether a sample was Salmonella positive or not and whether a Salmonella serovar of major human health importance (ST, MST or SE) was detected.
Data analysis
Descriptive analyses were completed to describe the sample results at each visit and on each farm. A regression analysis was completed to model the difference in results at each visit, whilst accounting for a priori variables of seasonality and sample type, and farm ID was added as a random effect to account for similarity of results collected from the same farm. Sinusoidal components (sine and cosine terms) for a quarterly cycle were included to account for seasonality [20] . To account for the difference in structure and management between the farms and the occurrence of changes to the farm between visits, a stepwise selection method was used to add variables from the questionnaire, and the form used for visits 2-4, to the multivariable model. A screening stage was used to omit explanatory variables that had a P-value over 0·20 when added to the base model. After this, each variable was individually added to the model and the variable that was significant (P < 0·05) and improved the fit of the model (determined by Akaike Information Criteria) was added to the model. This approach was continued until no new variables entering the model were significant or improved the model fit. All analyses were completed in Stata 12 (Statacorp, College Station, Texas, USA).
RESULTS
A total of 8549 samples were collected from the farms, with 92% being pooled or individual faecal samples from pigs, and 8% being environmental or faeces samples from wildlife or cattle. Salmonella was most frequently detected in pooled pig faeces samples (33·2%) as well as from samples from run-off and pooled water (47·3%), rodent faeces (40·0%) and wild bird faeces (37·3%) ( Table 3) . The results summarised for each set of visits indicated a reduction in the average Salmonella and ST/ MST/SE prevalence between visit 1 and 2; from 29·6% to 16·9% and 11·0% to 6·4%, respectively ( Table 4 ). The prevalence remained lower than at the baseline visit at both the third and the final visit, 12 months after the first visit.
The results were not consistent between the nine farms. Although most farms showed a substantial drop in pooled sample prevalence after the move to the new site, farm 8-O showed an increase in prevalence of Salmonella, which did not correspond with a change in serovars detected or outbreak of other diseases (Table 5) . At the third visit (∼6 months after the move) most farms showed an increase in prevalence compared with visit 2, but only one farm showed a small increase in prevalence in comparison to visit 1 (farm 1-O). Finally, a year after the move, six farms still showed a lower prevalence than at visit 1. The variability of results was mirrored in the individual samples, with two farms showing an increase in prevalence after the move and three farms having a higher prevalence at visit 4 than at visit 1.
From the pooled samples, up to 13 different serovars were detected at each farm visit (mean 5·5), with 37 different serovars detected in total. The most prevalent serovars were the two MST variants: S. 26·8  4·1  29·3  28·4  12·2  2·5  26·3  11·7  2-O  66·0  46·7  54·2  28·3  25·0  30·0  30·4  11·7  3-O  83·8  2·5  63·8  28·6  33·3  1·7  38·3  11·7  4-O  40·4  18·8  32·5  52·4  3·3  13·3  8·3  21·7  5-O  45·2  23·5  18·1  31·4  22·8  1·7  4·0  14·5  6-O  53·8  41·4  26·4  35·0  43·5  11·1  11·2  18·4  7-O  17·4  12·6  8·9  3·0  4·2  1·7  3·3  1·1  8-O  31·2  41·7  19·7  65·8  16·2  10·9  1·7  42·0  9-O  48·5  32·6  47·5  41·9  22·7  10·9  28·9  26·6 S. London (1) and S. panama (1) were detected. Only five wild bird ST and MST isolates were phagetyped (3 DT193, 1 DT120 and 1 U288) and all but one (the DT120) matched phagetypes isolated from pigs on those farms, but DT120 strains are typically variants of DT193, which was found. from zero at visit 2 to 1 at visit 3 and 2 at visit 4. However, a summary of these results, categorised into four groups, indicated that the numbers did not differ widely between visits and the proportion of samples with levels over 10 2 /g were small (∼5%) ( Table 6 ).
The χ 2 tests to investigate any significant difference between visits 1 and 2, 1 and 3, and 1 and 4 detected no statistically significant difference between the faecal Salmonella levels from these visits. The results of the risk factor model indicate that the odds of a sample being positive was significantly lower at visits 2 and 3 when compared with the baseline visit, whereas the odds at the last visit was not significantly different ( Table 7 ). The final model included three variables additional to the a priori variables for sample type and seasonality. These were: coughing in the sampled group which was a risk factor; Glasser's disease diagnosed in the herd since the last visit, which was protective; and the use of tent or kennel accommodation for the sampled group which was a risk when compared with arcs.
DISCUSSION
This longitudinal study of outdoor pig herds has provided evidence that movement of outdoor site has an overall beneficial effect on Salmonella carriage. The risk factor model, accounting for seasonality and different sample types, showed that the odds of a sample being positive was reduced by more than 50% after movement to the new site and by 25% at the third visit, both of which were statistically significant. The results also showed that the diversity of serovars detected after the site movement decreased and that the highest Salmonella level was only detected at the first visit, which supports this conclusion and suggests that the land was less contaminated before the pigs were moved to the new site but after a year the site was at a similar level of contamination to that previously. This finding provides important evidence for management changes that could help reduce Salmonella prevalence in outdoor herds. Additionally, Salmonella is a useful indicator bacterium, highlighting areas of poor control for other pathogens transmitted by faeces and so the improvements may also have impact on reducing the occurrence of other diseases [21] . However, it should be noted that moving site would incur a cost to the farmer and new land is not always available.
The reduction in prevalence was not shown for all studied farms, with one farm showing an increase in pooled faecal sample prevalence at visit 2 and one farm showing a pooled sample prevalence at visit 3 that was above visit 1. The results for the individual faecal samples were more prone to fluctuations with greater numbers of farms showing prevalence increases at these stages, but smaller numbers of positive individual samples may have been associated with greater sample variability. For the two farms which showed increases in the pooled samples, no information collected by the questionnaire or discussion with the farmers could explain this difference. Some variation in the results may reflect seasonality, as farms were sampled at different times of the year and higher temperatures, potentially causing heat stress in the 1  134  37  13  12  68·4  18·9  6·6  6·1  2  40  12  4  3  67·8  20·3  6·8  5·1  3  93  27  12  5  67·9  19·7  8·8  3·6  4  97  31  17  12  61·8  19·7  10·8  7·6 pigs, has been linked to Salmonella shedding [22, 23] . Heavy rain before or during sampling visits may also have influenced the findings [24] . Although seasonality was accounted for in the risk factor model, it would not have reflected local weather conditions. As Salmonella control is multifactorial, one simple intervention would not be expected to be consistently beneficial and other risk factors relating to management of pig herds and farm biosecurity, including pest control, must also be adequately implemented. Introduction of pigs from external sources and movement of staff and equipment between units are often poorly managed and could result in an increase in prevalence [22, 25, 26] . Interestingly, farm 2-O had a relatively high prevalence at each visit, and this farm was the only one that routinely introduced animals from multiple sources which were not part of the same company. This factor may have meant that the farm introduced different genotypes of Salmonella onto the farm during the study to which the population were naïve, which may have negated the effect of moving site for these serovars. However, the subset of 16 MST isolates that were phagetyped indicated the same phagetype was present at all four visits and importation of other pathogens that may have influenced susceptibility to Salmonella may also have occurred [13] . For the finisher farms, incoming groups of pigs after visit 2 were not sampled prior to movement to the new site, and it cannot be excluded that these pigs had a different baseline prevalence to the previous batch or that they introduced Salmonella to the site. The risk factor model identified only a small number of factors that were associated with Salmonella prevalence. As expected, the a priori variables showed that pooled samples were at greater risk of being positive than individuals and that there was a significant difference between samples collected from different pig stages. Samples from farrowing, weaner, grower, finisher, dry sow and gilt areas of the farm were all at lower risk compared with those from gestation areas. This may be related to greater movement and mixing of sows after weaning and during service procedures, together with higher stocking densities in more muddy paddocks and the use of floor feeding. Coughing detected in the sampled pigs was a risk factor and positive associations between Salmonella presence and pneumonia have been shown by previous studies [27, 28] . This may be due to the effect of one pathogen dampening the immune system and facilitating the infection of another, or may be due to Salmonella and respiratory conditions sharing similar risk factors, such as the use of straw-based housing and continuous flow production [14, 25, 29, 30] . However, the presence of Glasser's disease in the herd at a specific sampling visit was protective which is counterintuitive. This may have been due to random chance or it may have been a proxy for the effect of pig management factors used to control Glasser's disease, such as use of quarantine and improved cleaning and disinfection, that would also help protect against Salmonella. Pigs using kennels and tents were shown to be a greater risk than those using arcs which may be due to larger groups of younger pigs typically using this type of accommodation and the level of faecally contaminated liquid mud associated with such large groups. Additionally, solid structures such as arcs may be easier to clean between batches, whereas tents may remain contaminated and spread infection to new batches. The type of farm did not show a significant association with Salmonella, with finisher farms showing a similar pattern of change between the visits as the other farms. However, as only nine farms were included in the study, the power to detect differences at the farm level in the model may have been weak.
MST variants were the most common serovars detected, followed by other common pig serovars, such as S. derby. However, the number of serovars detected at each visit was high and contrasted to 26 indoor pig herds similarly sampled as part of a separate project (unpublished data). In these indoor herds an average of 2·2 serovars per farm (range 1-13) was detected in the pooled samples and 1·9 serovars per visit (range 1-5) from the individual samples. This suggests that outdoor herds have, on average, around double the number of serovars present. These findings, along with the high prevalence detected from samples from run-off and pooled water, and wild birds and rodents may highlight the greater risk of infection via environmental sources for outdoor pigs.
The results suggest that there is a likely benefit associated with annual movement of pigs compared with the typical 2-3 year cycle, and this may be cumulative if applied in successive years. However, there are practical and logistic difficulties as there is likely to be insufficient land available for pig farming for a significant increase in whole site movement and the labour cost for the move is high. It is likely however that better use could be made of more frequent resting and rotation of land used for paddock systems within a field site, since localised contamination of soil and surface water may be an important source of infection [31] .
The semi-quantitative faecal culture results from this study suggest a high prevalence of low-level shedders of Salmonella, with occasional pigs being more highly colonised and acting as heavy shedders of the organism, thereby contaminating the environment of other pigs and driving cycles of infection [10] . Ingestion of soil and attraction of wild birds can be reduced by feeding gestational sows in troughs and other pigs using bird-proof ad-lib feeders, rather than floor feeding.
The study was limited by only visiting nine farms and although the structure of these farms was typical of outdoor farms, they may not represent all outdoor farm types. The findings on these farms may therefore reflect specific actions or management and may not be generalisable to the wider population. Additional fully controlled trials would be useful to attempt to reproduce these findings in other outdoor herds and to explore whether any benefits are seen for other pathogens. Future studies could also include long-term follow up of the farms at 16 and 24 months to see if any farms had maintained a lower prevalence for a sustained period. Additionally, further studies could test whether multiple yearly moves could result in a cumulative improvement in Salmonella prevalence and how crops and pigs can be rotated on land parcels to make more frequent movement cost-effective. farmers, their staff and their vets for their participation and assistance with this study. APHA staff are also thanked for their help with sampling these farms, processing the samples and data entering the information.
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